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Abstract 
Increased concern about the impact of dust storms on air-quality and public health has occurred in recent years. The 
primary goal of this study is to carry out a comprehensive characterization of falling dust and provide the scientific 
background for the further control of air pollution at Riyadh during (January-March) months. To characterize the ambient 
falling dust pollution 15 typical sampling sites were chosen for falling dust collection at time interval of one month. 
Results revealed that Riyadh city, the capital of Saudi Arabia receives a considerable amount of dust during the studied 
period. The finding indicated that dust deposition rates across the city are high with sites located near construction 
activities and those located in Eastern Riyadh being the worst affected. The average monthly deposition value for all sites 
in the three months ranged from 20.13 to 139.9 Tons km-2 with an average monthly value of 42.09 Tons km-2. The results 
showed that silt was the dominant fraction in almost all of the dust samples. pH, EC and CaCO3 content were rather high.  
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1. Introduction 
Due to its topography, drought, light textured topsoil and scanty vegetative cover, Saudi Arabia is 
susceptible to the dust and dust storms. Dust storms are usually caused by the action of strong persistent 
winds on dry, fine  grained and loose soil [1]. Periods of severe and widespread drought can dramatically 
increase the likelihood of major dust storms.. 
The rate of dust storms in the Arabian peninsula, has been documented by many researchers [2-4].The 
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rates of the falling dust in the Arabian Gulf region were evaluated by Khlaf and Al-Hashash [1] who found 
that the average quantity of dust falling on Kuwait was 191 tons/Km2/year. Earlier Safar (1980) stated that 
dust is there 13% of all time throughout the year in Kuwait and reaches 25% of the daytime throughout April 
to August, he added that the average number of dusty days in Kuwait is 255.4 days. Albasri [5] analyzed the 
dust phenomena data in Kuwait , his results show that dust storms, rising dust and suspended dust occur 
during 17.3% 46% and 39% of the total dusty days respectively. 
Riyadh city; the capital of Saudi Arabia is surrounded by desert areas and having an altitude of 600m is 
exposed to dust storms several times in the year. Al-Tayeb and Jarrar [6], estimated the average quantity of 
dust falling on Riyadh to be around 220 tons/km2/ year. In a previous study, Basahy [7] (1987) estimated the 
dust deposition rate to be 196-220 tons/km2/year. 
Dust storms could cause severe environmental consequences and have negative effects for human society. 
This was demonstrated in some countries e.g. China and other parts of Asia, such as in Japan and Korea [8]. 
In Taiwan Chang [9] found that the number of emergency visits to National Taiwan University Hospital and 
ShinGuang Memorial Hospital rose within 1 to 3 days after a dust storm event. The event also was more 
significant for children aged 0-6 with mild upper-respiratory illness and to the severely affected cardiac 
patients. 
In this regard, harmful effect of airborne coarse crust-originated particles was studied by Kwon et al.,[10] 
(2002) who explored the effect of Asian dust events on daily mortality in Seoul, South Korea, during the 
period of 1995 1998. They showed that the association between the dust events and deaths from 
cardiovascular and respiratory causes was strong enough to indicate that people with advanced cardiovascular 
and respiratory disease might be susceptible to Asian dust events. Chen et al., [11] assessed the possible 
effects of Asian dust storms on the mortality of the residents of Taipei, Taiwan, during the period 1995  2000. 
This study found greater specificity in associating dust effects with respiratory death. Lei et al., [12] used 
pulmonary hypertensive rat models to examine inflammation markers in the lung and in the peripheral blood 
after an exposure to Asian dust storm particles. Their results revealed that an exposure to particulate matters 
during a dust event could increase lung inflammation and injury in pulmonary hypertensive rats. Clearly, 
besides the dramatic effects of dust particles on visibility. In addition, potential influence on the health risk of 
the younger generation and allergies of elderly people was highlighted by several authors [13. 9]. 
The occurrence of frequent and severe dust storms in recent years has attracted particular concern from 
both the government and general public. Therefore, this study aims to investigate the characteristics and 
composition of fallen dust in Riyadh city. 
2. Materials and Methods  
2.1. Sampling: 
Dust fallout samples were collected from 15 different locations almost covering Riyadh city area (15 Civil 
defense buildings were selected for the installation of the dust collectors). Dust samples was collected using 
Marble Dust Collector (MDCO). The MDCO is based on an original concept by Ganyor [14]. The collector 
consists of a rectangular plastic tray 52.5 cm long, 31.5 cm wide and 10.0 cm high with a marble filter at the 
top. The marble filter also acts as a dust trap, protecting the particles that have penetrated into it from re 
suspension. The monthly amounts of dust fallout at each site was calculated in Tons/km2 by dividing the total 
weight of the collected sample by the area of the sampler's opening. Sub samples were then taken from every 
dust sample to examine its composition. 
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2.2. Chemical analysis 
All samples were  dried at 105 C and the weight of dust recorded. Plant material be removed and the 
samples homogenized by crushing with a mortar and pestle. Aqueous-soluble solutes is determined by mixing 
one weight of dust or soil with 2.5 volume of deionized water and shaking for 1 h. After shaking, the samples 
are centrifuged and analyzed.  
Elemental analysis was carried out by acid digestion( I gram wet digested by a mixtures of concentrated 
H2SO4-HCLO4. followed by induction-coupled plasma-mass spectrometry. The following elements were 
determined: Cd, Ni, Pb, Cu, Zn, Fe, Cr, Mn, Ca, Na, and V). Samples were analyzed for particle size 
distribution and specific surface area by using Mastersizer 2000 (Malvern Instruments UK), CaCO3 content 
using Collin's calcimeter.  
3. Results and Discussion 
3.1. Rates of Dust fallout 
Table 1 Show the total monthly amount of dust deposited at 15 sites in Riyadh city for the period January-
March. Data of January; demonstrated that rates were highly variables, with values ranging from 9.93 Tons 
km-2 at Riyadh airport to nearly 67 Tons km-2 at Al-Ageeg district. This variation in the rate of dust fallout 
points to the importance of geographical position of the site and the local factors such as the proximity of 
various sources of dust. The exceptional abundance of dust fallout in Al- Ageeg district may be mainly due to 
the acquisition of fine grained particles originating from the huge construction activities which currently 
going on in king Abdullah Economic city(adjacent to this site). Similarly the relative abundance of dust 
fallout in Al-Azzezya district (37.84 Tons km-2 ) can be attributed to its proximity to the cement factory. 
Following those locations, it was observed that the amount of dust collected in sites located in the eastern part 
of the city (Al-Naseeem, Al-Nazeem) gave the heights rate of deposition in comparison to other locations. 
The amount of dust collected in those sites is nearly double the amount collected in other locations (With the 
exception of Al-Ageeg site). On the other hand the average dust fall in the locations in south and north, and 
southwest and the urban areas of Riyadh is much lower. This could be attributed to the lower wind speed 
crossing these areas. 
The total amount of dust deposited in 15 study sites for the for Feb. (Granda and al-Waha were added in 
this month), showed that deposition rates were significantly higher in this period. Values ranged from 10.77 to 
146.75 Tons km-2 . Patterns of dust fall out deposition followed similar trend to Jan. samples. The data 
reflected relatively higher rates in the newly introduced locations (Granda and al-Waha) which were 78.5 and 
54.4 Tons km-2 respectively. These locations are adjacent to Al-Nassem and Al-Nazeem location in eastern 
Riyadh which also showed higher amounts of deposited dust in the previous month. 
The rate of dust fallout that was registered in March, showed that deposition rate followed, more or less, 
similar trends to data presented in the previous months. However, the rate of deposition showed exceptionally 
higher amounts (206.07 Tons km-2 ) in Al-Ageeg site. The exceptional abundance of dust fall out in this 
location may be attributed to the construction activity in this area. Since the acquisition of higher amounts of 
dust was formally attributed to construction activities, it would be logical to assume that the higher rates 
obtained in this month may be due to relatively higher construction activities during this period. It is worth 
mentioning that the Al-azeezya site witnessed relatively lower rates of deposition in this month. 
From these data it is apparent that there are three populations in term of dust deposition. The first 
population reflects comparatively lower levels of deposition and is restricted to central, northern and southern 
parts of the study area, the second is characterized by a relatively high level of deposition and  occurs in the 
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northern eastern part of the city, the third part (Al-Ageeg district) which showed the highest rate of deposition 
and is situated in an area currently witnessing vigorous constructions and demolition activities. It can be 
concluded that the highest deposition rates were at Al-Ageeg district. In addition, the data demonstrated that 
there is a general increase in the rate of dust deposition towards the eastern part of the city during these 
months.  
It can be seen from table 1 that the average deposition value for all sites in the three months ranged from 
20.13 to 139.9 Tons km-2 with an average monthly value of 42.09 Tons km-2. These data resembles data 
reported by Khalaf and Hashash [1] who studied the Aeolian sedimentation in the north-western part of the 
Arabian Gulf. They reported monthly amount of 36, 70 and 50.1  Tons km-2  on various locations in Kuwait 
during the period 1979-1980. In a study on dust fallout in northern Kuwait AL-awadhi [15], reported 
relatively less amounts of dust fall out in the studied area. The total annual dust fall reported in their study 
during normal (summer), spring camping and military activities periods were found to be 5.8, 24 and 57.9 
g/m2/month, respectively varies. The present study which so far covered only three months showed relatively 
higher quantities of dust fall out in comparison to surrounding and global areas with exception to those in 
Saharan deserts in Mali. 
Table 1. Average monthly fallen dust in tons Km-2 within the study area 
Site January February March Average 
Granada ND 78.49 32.69 55.59 
Al-Naseem 62.9 81.17 47.26 63.78 
Al-Nazeem 49.46 50.2 38.47 46.04 
Al-Sulay 23.38 41.02 27.19 30.53 
Industerial 2 27.66 15.15 19.51 20.77 
Al-Azeezya (Cement Factory) 37.84 40.48 24.57 34.29 
Industerial distict 10.03 20.22 25.81 18.69 
Batha 25.56 44.8 33.26 34.54 
Al-Morslat 15.38 10.77 30.72 18.96 
Airport 9.93 17.78 32.68 20.13 
Al-Ageeg 66.89 146.75 206.07 139.9 
KSU 18.74 11.74 30.36 20.28 
Al-Badeea 22.37 36.06 47.18 35.21 
Al-Olyaa 24.47 24.11 39.2 29.26 
Al-Waha ND 54.41 72.5 63.45 
Average       42.09 
3.1.1. Grain size analysis  
Table 2 and 3 shows the average grain size distribution of the fallout at the various sampling station in 
January and February respectively. The results indicated that silt was the dominant fraction in almost all of the 
dust samples and ranges between 80.47 to 17.76 in January and between 79.07 and 26.37 in February. The 
abundance of silt in dust samples is probably of alluvial origin. This may indicate that the suspended dust 
originates from regional sources rather than local sources. Results of grain size distribution of samples 
showed high variability between sites and dates of collections. It should be noted that the results presented 
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here only covers two months. Grain size distribution in the coming months may shed more light about the 
nature and origins of the dust fall out in the study area. At the end, data obtained of particle size distribution in 
this research may be useful in distinguishing locally derived dust deposition from long or medium distance 
dust transport. Together with meteorological analysis more accurate estimations of dust sources could be 
reached. 
Table 2. Average grain size distribution and specific surface area (January) 
Sites Particle Size Distribution (%)  Specific Surface Area (m2 g-1) 
Sand Silt Clay 
Granada ND ND ND ND 
Al-Naseem 36.82 60.68 2.50 4.2 
Al-Nazeem 32.49 64.74 2.77 4.6 
Al-Sulay 35.41 62.10 2.49 4.3 
Industerial 2 60.45 38.66 0.89 2.3 
Al-Azeezya (Cement Factory) 33.99 63.33 2.68 4.5 
Industerial distict ND ND ND ND 
Batha 35.89 61.50 2.61 4.9 
Al-Morslat 80.86 17.76 1.38 2.3 
Airport 53.59 44.93 1.48 2.9 
Al-Ageeg 32.68 64.18 3.14 5.0 
KSU 33.99 63.33 2.68 4.5 
Al-Badeea 15.75 80.47 3.78 7.0 
Al-Olyaa 33.99 63.33 2.68 4.5 
Al-Waha ND ND ND ND 
3.1.2. Specific Surface Area 
Surface area values of the dust samples are shown (Table 2& 3). The results demonstrated that surface area 
of samples were quite variable. (ranged between 2.3- 7 m2 g-1 in January1 and.9 to 10.8 m2 g-1in February). 
However, the results reflected the grain size distribution of the samples were samples with higher silt content 
showed similarly higher values of specific surface area. The variability in surface area may indicate multiple 
sources of the falling dust.  
3.1.3. Chemicals Properties 
The results (Table 4 ) indicated that all of the dust samples had a high CaCO3 content ranging from 16.9 to 
48.47%. The high values of CaCO3 are believed to have originated from soils rich in calcium carbonates 
(limestone and dolomite) which are abundant in Saudi Arabia (Arabian shelf). Similar findings were reported 
in Iraq[16] and in Kuwait[1]. It should be noted here that samples of Al-ageeg site showed relatively higher 
CaCO3 content . this may be due to huge amounts of carbonate in the construction materials in this site. 
Analysis of dust samples (Table 4) revealed that most samples were alkaline in reaction, with pH values 
ranging from 8.33 to more than 12 in Al-azeezya and industrial district sites. These high values could be due 
to the high level of Na and CaCO3 in the dust samples and may be related to the industrial activities in those 
sites. The soluble salts in the dust were high, especially in the industrial sites. The presence of high salt level 
may be attributed to the saline soils from which the  originated or the industrial activities in places of high salt 
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content samples 
Table 3. Average grain size distribution and specific surface area (February) 
Sites 
Particle Size Distribution (%)  
Specific Surface Area m2 g-1 
Sand Silt Clay 
Granada 35.67 62.21 2.12 4.1 
Al-Naseem 17.09 79.07 3.84 7.2 
Al-Nazeem 36.29 60.75 2.97 5.1 
Al-Sulay 72.89 26.37 0.74 1.9 
Industerial 2 43.83 53.75 2.42 4.3 
Al-Azeezya (Cement Factory) 22 74.73 3.27 5.9 
Industerial distict 24.89 71.56 3.55 6.1 
Batha 24.95 71.47 3.58 5.9 
Al-Morslat 46.68 50.97 2.35 3.8 
Airport 44.67 52.42 2.91 4.7 
Al-Ageeg 41.13 55.81 3.06 4.9 
KSU 29.23 66.95 3.82 5.8 
Al-Badeea 30.81 65.09 4.1 6.1 
Al-Olyaa 13.3 79.04 7.66 10.8 
Al-Waha 28.86 67.34 3.8 5.8 
Table 4. Some Chemical properties of dust samples 
Sites 
January February 
pH EC  (dSm-1) 
CaCO3  
(%) 
OM  
(%) pH 
EC  
(dSm-1) CaCO3 (%) OM (%) 
Granada  ND ND  ND ND   10.76  3.94  26.57 3.45  
Al-Naseem  11.37  6.25  31.96 2.67   9.32  3.98  28.27  2.04 
Al-Nazeem  8.98  2.15  16.91  2.14  7.12  3.98  26.29  1.70 
Al-Sulay  11.38  6.38  31.96  2.46  10.07  2.53  26.64  1.50 
Industerial 2  12.73  11.36  43.77  3.22  12.65  9.82  32.98  2.07 
Al-Azeezya  
(Cement Factory)  12.41  7.30  31.96  2.75  12.49  7.67  34.17  3.43 
Industerial distict  11.46  6.28  31.96  2.81  11.31  12.25  28.34  0.21 
Batha  8.33  3.46  30.74  3.37  8.51  4.61  29.06  2.55 
Al-Morslat  12.71  9.50  18.87  0.48  8.75  5.34  26.79  1.64 
Airport  8.37  5.96  23.32  2.76  8.73  3.71  21.51  1.72 
Al-Ageeg  10.94  3.11  48.47  0.89  9.97  3.08  35.20  1.43 
KSU  11.47  6.25  31.96  2.48  9.78  2.51  25.46  1.24 
Al-Badeea  8.59  3.10  31.85  4.53  10.54  4.46  26.75  2.87 
Al-Olyaa  8.65  3.58  32.97  1.51  7.82  3.53  24.55  1.30 
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Al-Waha  ND ND  ND ND   9.58  3.57  31.16  2.07 
Mean 10.57 5.74 31.28 2.47 9.83 5.00 28.25 1.95 
3.1.4. Elements and Metals levels 
Table 5 and 6 lists the total concentrations of-the heavy metals in the dust sample in January and February 
respectively. The maximum, minimum and mean concentrations are also shown in the tables. Ca which had 
the highest levels of elements in all sites is believed to be originated from soils in the region which is 
characterized by high CaCO3 content. Iron (Fe) and Mn followed the calcium. These results show that the 
deserts which surrounded Riyadh city have a direct influence on the composition of dust sediments and its 
chemistry [17]. Over the first study period samples collected from Al-Sulay site showed extremely higher 
concentrations of all trace metals . Among the other sites al-Naseem also reflected considerably higher 
concentrations of heavy metals. In comparison February samples generally showed lower concentrations of 
the various metals. The results of the present study are particularly interesting when compared with results 
obtained several years before by Modaihsh in Riyadh city [18], who noted lower concentration of Pb than 
those reported for other countries.  
He also noted that other metals were higher than the values reported for some other countries. In the 
present study even higher values were detected. This may suggest that other sources have had a contribution 
to the elevated concentrations of these metals. 
Table 5. Total content (μg/g) of some elements in the fallout dust samples (January) 
Site Ca  Cd  Cr  Cu  Fe  Mn  Ni  Pb  V  Zn  
mg/Kg 
Granada ND  ND ND ND ND ND ND ND ND ND 
Al-Naseem 37492.5 0.6 47.4 38.8 13254.3 259.5 31.7 10.6 48.6 69 
Al-Nazeem 27182.5 0.7 17.3 18.6 5113.1 89.7 10.3 12.5 14.1 59.3 
Al-Sulay 534475.9 5 698.5 507.2 177560.8 3629.9 448.4 144.5 687.5 1064.2 
Industerial 2 39435 0.8 58 108.6 15150.9 301.9 37.2 29 45.5 853.1 
Al-Azeezya (Cement Factory) 37418.2 0.7 49.5 41.1 14634.1 269.9 35.1 9.8 52.6 96.1 
Industerial distict 78118.2 1 61.4 52.1 15487.3 326.2 38.1 18.1 57.4 105.3 
Batha 22006.7 0.6 34 55.7 8891.7 192.5 21.2 10.1 28.8 83.1 
Al-Morslat 31719.1 0.4 11.9 12.7 5064.8 86.9 6 5.3 9.3 30.6 
Airport 19086.6 0.5 27.2 20.8 8051.5 154.8 19.8 8.8 25.1 34.4 
Al-Ageeg 40219.1 0.7 34.4 29.8 9170.9 177.4 20.2 10.7 29.9 49.7 
KSU 40331.5 0.3 54.3 42.1 14779 301.7 34.6 8.5 55.4 79.8 
Al-Badeea 37035.2 0.4 27.2 41.8 8669.7 158.5 17 12.2 24.8 71 
Al-Olyaa 22924.5 0.4 34 41 10521.6 194.1 24 9.2 34.9 86.8 
Al-Waha ND  ND ND ND ND ND ND ND ND ND 
Maximum 534475.9 5 698.5 507.2 177560.8 3629.9 448.4 144.5 687.5 1064.2 
Minimum 19086.6 0.3 11.9 12.7 5064.8 86.9 6 5.3 9.3 30.6 
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Mean 74418.8 0.9 88.9 77.7 23565.4 472.5 57.2 22.3 85.7 206.3 
Table 6. Total content (μg/g) of some elements in the fallout dust samples (February) 
Site 
Ca  Cd  Cr  Cu  Fe  Mn  Ni  Pb  V  Zn  
mg/Kg 
Granada 43347.9 0.6 71.2 45.8 18233.7 387.7 40.4 13.5 70.1 132.3 
Al-Naseem 35767.3 0.7 71.8 54.2 19438.3 401.2 46.4 17.8 73.4 221.6 
Al-Nazeem 84177.4 1.4 100.4 58.5 19311.1 430.8 47.3 28.4 74.3 226.1 
Al-Sulay 42403.7 0.7 48.4 49.3 12557.4 243.2 32.5 13.4 50.7 90.7 
Industerial 2 55409 0.9 35.6 57.2 13282 233.6 19.7 36.3 28.5 671.3 
AlAzeezya (CementFactory) 28383.3 0.6 24.3 13.7 8917.7 152.3 14.6 8.4 23.5 51 
Industerial distict 32723.5 0.3 52.6 32.5 14814.1 334.6 32.2 13.2 57.5 64.2 
Batha 12467.7 0.2 43.8 27 12825.6 255.7 28.4 8.2 45.9 62.4 
Al-Morslat 32211.1 0.6 39 46.5 10927.3 240.3 24.1 15.1 37.6 82.7 
Airport 15170.5 0.6 32 10.3 8062.5 155.3 18.4 7.5 25 46.3 
Al-Ageeg 35696.1 0.5 83 52.3 22236.4 477.8 53.1 14.6 88.2 116.8 
KSU 58828.4 0.6 99.8 53.5 23681.9 556.8 57 18.3 97.7 122.1 
Al-Badeea 69359 0.8 89.9 85.1 19458.2 433.4 47.1 27 73.5 340.2 
Al-Olyaa 41668.3 0.5 64.7 48.7 16555.1 358 41.5 23.8 61.7 107.9 
Al-Waha 44519.6 0.6 80.6 47.5 21323.9 472.5 50.9 12.2 83.3 160 
Maximum 84177.4 1.4 100.4 85.1 23681.9 556.8 57 36.3 97.7 671.3 
Minimum 12467.7 0.2 24.3 10.3 8062.5 152.3 14.6 7.5 23.5 46.3 
Average 42869.28 0.65 62.45 45.73 16080.66 343.76 36.87 17.73 59.5 189.0 
4. Conclusions 
This study provides a valuable baseline data on falling dust during winter months in Riyadh city. However, 
Readers should be cautioned that the data presented in this report represents only few months of data, and that 
patterns may vary and may not be conclusive at this stage. It is concluded that, dust fall out rate have been 
shown to be spatially and temporary variables. Higher level of deposition  occurs  either in the northern 
eastern part of the city, or areas currently witnessing industrial or construction activities. 
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